Hippocampal phosphoinositide turnover is altered by hippocampal sympathetic ingrowth and cholinergic denervation.
Cholinergic denervation of the hippocampus, by medial septal (MS) lesions, results in an unusual neuronal rearrangement in which peripheral sympathetic nerves, which originate from the superior cervical ganglia, grow into the hippocampal formation. To assess the functional significance of hippocampal sympathetic ingrowth (HSI), hydrolysis of phosphoinositides was examined in three groups: control, MS lesions + sham ganglionectomy (HSI group); and MS lesions + ganglionectomy (MSGx; no ingrowth). Four months after surgery, both norepinephrine (NE) and carbachol were found to produce a dose-dependent increase in the hydrolysis of hippocampal phosphoinositides in all groups. However, the presence of HSI, when compared to control and MSGx groups, significantly enhanced the turnover of phosphoinositides when stimulated by carbachol, but not NE. In further studies, the time course of this effect was studied. One week after surgery, carbachol-stimulated phosphoinositide turnover was equivalent among all groups; by 2 weeks, phosphoinositide turnover was enhanced in the HSI and MSGx group; by 4 weeks, PI turnover was markedly diminished in the MSGx group when compared to both the HSI and control groups, which were equivalent to each other. To ensure that the ganglionectomy alone did not alter phosphoinositide turnover, a ganglionectomy-alone group was studied at the 4-week time point. In this group, phosphoinositide turnover was equivalent to controls, suggesting no influence of the superior cervical ganglia on this response. In all groups, atropine inhibited carbachol-stimulated phosphoinositide turnover. These results suggest that both cholinergic denervation (i.e., MSGx group) and HSI produce marked functional alterations in hippocampal metabolic activity.